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(54) ULTRASONIC FLAW DETECTING METHOD OF PIPING WELDED JOINT 

(57)Abstract: '"^ 
PROBLEM TO BE SOLVED: To precisely measure a minute 
crack 3 generated on the inner surface of a pipe 2. 
SOLUTION: A focusing ultrasonic probe 1 1 is arranged in a 
base position having a required distance from a welded joint 
on the outer surface of a pipe 2 along the pipe axial 
direction 1 6, and the ultrasonic probe 1 1 is scanned over 
the whole circumference while shifting the position by a 
minute pitch of 1-5° in the circumferential direction 33. 
Three kinds of reflected waves 5 of the reflected wave 5 
obtained by making an ultrasonic wave 4 incident on the 
welded joint 12 from the pipe axial direction 16, the 
reflected wave 5 obtained by making the ultrasonic wave 4 
incident on the welded joint 12 with an inclination of 5-15° 
from the pipe axial direction 1 6, and the reflected wave 5 
obtained by making the ultrasonic wave 4 incident on the 
welded joint 12 with an inclination of -5° to -15° from the 
pipe axial direction 16 are measured, and the maximum 
value of the three reflected waves 5 from the same 
reaching position is adapted to estimate the shape of a 
crack 3. 
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(54) [^ij^O^iiiii] BBfimii^OitiWSjdmi^ 
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imi] sat 2 ortffiJc^i-tsm/h^WH 3 «r«« 

.^1 2lr*fU'fftt*l«ni 6d>e>5* ~15' "(i^^-arT 
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gi^^l 2{CMUttt;^l^nl 6d^e.-5* 

5 t (0 3 a«©S*m 5 ?rH-SiJ P-«)SiaffiBd» b 

<r>±m 3 aaoswK so? h<r>Mc±m^^m u-c^ti 




-1- 



t&i^^«j@#Kfi?M^*P3ji*ip]--r ~5- co«/h 

fcSMSii:. mmm^icML<S9ti:^M^b-5' — 1 
Bfllld^ e>jS#S^ Alt UTfiJti*^ e> ©SItK «r1i^ LW 

^^iffi¥i;:»bR^;^i6]/!i-e>^ffJS<&Alti-5 r t j; 
~1 5* ffl:^$*rj@#St«rAlt-f-5ri:{Ci9#P>tb 

i«s t ® 3 mm(OBimt:nm u 

in^m]wmm^iSLmicML<sm<oo. i~o. 3 
tc^fLtwoo. i~o. 3i&(D&mtf:tmskmm^» 



<os^fi[fii;i»L«=^roo. 4~o. 6m<r>mmtc\m 

[000 1] 
[0 0 0 2] 

1/1 0£A±lc*rst. *H*t?lcSJ?'Lfc^KJ;0 

^ztifi^bfixv^i,, ^ofc*, ai$i5fJi:«i/i 
Ogft«T©lfce«)Sv>trJii-S:tlffl t#5 ± 5 r 

[0 0 0 3] iafOrtfficDSiIixit^fL-CH:. mfc 
^SrAltL-CSiJix*»b©KitJS (^J^^-) *«l^-r5j@ 
«»[fillSffiAS^«t'So-CV^5, gll 5 

(a) {c*-rj;5lc. ^#S«g«i^l^ga«'2©giJtv3 

:^5#«■t-•5^iltt<oi^v^^i«(c:Jf u^-c, 20* ~3o 

• (om^*) (|g«A) -eie«S4SrAltU #Jtt3fcJ; 
oTSMSnfcSltSE5©»ffi®lEfb4:01 5 (b) |C 

^tLT. ^fe5Smuxi3V^fc:#JH30^$i:«^#-^© 
[0004] 

0* ~3 0* ©«!|SW'fciS«iKa?tt^i*s«ftffl$ixTV> 
5;6S, ffff<Di/l offi^co^v^ms, ^VM4, 0. 

[0005] -tOfcft. 016 ( a ) i 0 18 

*5 5 • -10* tm^ >«mscoMf^!sa?i»?- 7 

l|wm3SrS^-t-rt*5feofc. Sfc. %m:ft;455feV^ 
fc«)> f'Wii<OW£>mi^VXi^^-f^1IKi:^VX\>^i,m 
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[0 0 0 6] iZ-C. ^^m<onif3ti. ±iB<OfflS;^iSr 
to 0 0 7] 

*mSM^Sgg«^«rn^*l^'-l* ~5* nWi'h^y 
f-f ofigSri^t!) Uoo^ ICS *) itSE 

fcRMSii, ^««l¥lcMUt«li*l^^-e>5- -15- 
«^$*Tie«K«rAl*^5 C t Jc J; 9 #biifcRltSE 

i:. ^^¥lc»U'fftt:&|6);4^e.-5° 15' mm 

3aS©SJW&Srtl-SIL-, l^-©aiigffifi/i^e)»±IH3 
[0 0 0 81 roj;9{c«^$tvfcf»*«llC/!»^d^5ll 

10 0 0 91 ft^SLe^SEfiltt^?: HS^IrJ'^ 1 * ~ 5 

10 0 1 01 ieifSE^rf W*|pJ!6^e)A«LfcKltiKi, 
ttt*I^A>ib5' ~15* iSM^iir-CAlttfcSltJS 
tittir(«ad^P>-5° 15' ffl^$-&-CA^Ufc 

LfcSM^Ji*#5 r t >45-ei- Sip 
[00 11] £Jl±lcJ;0, iSffwi^Bfc^l^-t-sm/Kj: 

[0 0 121 ll*«2(Cl2«g^?nfc^ig-Ct4. i2'ff(7)'ff 

:3^l^Q-^fi^^ilILoo^atw^®^Bl;i»p>^w^s^Af^ 



^^»¥lc*rLR^;^|R)>!i>e>ffil^K«:Alti-5wtl-A 

~1 5* «^$-*Tfi»&SrAl*-f--5rttJ;»)#f)tb 
fcSJWJSt. ^S«¥lc*fLR^;^l*iId^e>-5- — 1 
5- «;^$-&Tje«&4rAMi-SrtlcJ;!)#P)nfc5 

M&^:w3a«ros#^Ks^&^^B!lu m-(mm&.m.i)^h 

[0 0 131 roj;5Jc«^$ixfcst*9[2Jcd^d»5^ 
SrSgHlcWJ t-CSIi/h!^cSiJ*v*«l*i-f •& r t S J: 

[0 0 15] seW&^Rj^^lRlii^ibAMUfcKMKt. 
njl*-|p]y?i^P>5° -15* «^$*TAltbfcHM^ 

t. Pim^\^7!>-ib- 5' — 15° mm^^xAkiLtc 

[0 0 16] ei±lcj;t). ia«=Of*3Bl!:|8fei-5«/Kj: 

[0 0 17] Bi*^3icE«$n:fc5g?^f{4, mum^ 

ffiglcMUtJlcDO. l~0. 3fg<o80!l:fc'»-tSS^¥ 

0 . 3 ^(Dmmtum^mmcA ^tftcmm t ^mtcf£ 
m^&.m.t LT±!Hft*^ 1 -ttzim^m 2 (omF^n 

0. 4~o. &^<ommtnwmikm^mMnitmt 

mtc\mmmmci&^\-)ii.^m.i: i:mtz.timM.&.m.t l 

[00 181 roJ:5»c«^$ixfcfi*«3fC!i»!i>SI8 

?^i'J:tt.«, «^fi:««:'f^:^lA]--Sx.rJ:l2f»*3Sl 
*fc«fi*92rofilf^SrtT9ri:lcJ;tJ, ffPffiS^iffi 
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[00 191 

Co 0 2 01 01~H5tt. r©|8?g©|EtS<0JJJIiSr* 

[0 0 2 1] ^<om&(omtSi\cmm-i-is.'emm^^<o 

t. Slt«E5<o*:*:ffiSr*»S*fffll-§-tr-!?«A/D 

ig8l?fB t . 5 (D^EEff ^ tftmSiei^K^R^^ 1 

1 ©IS^^I 1 3 i: ^rlHft-r 2) IH^SiS t . SitK 5 W^BE 

m^-t^^mm'^&mm^ 1 1 1 3 1 tr:/n 5/ 

5. 

[0 0 2 2] ^ru-c. &<s 2 (opim:^^ 3 3 ^mx^i>m 

Sai^l 2»C*fU 2tJ:?BoTn^:frlRj3 3 

'-tfegSr^S) tooiBt 2 (D^Bffl/i^ biS^K 4 Sr AM 

Lxmti3A^ib<DRMm 5 Lmti3%:f[m-r^m 

^{C. 132 (a) »c^1-J;5l-> 2ja^o8iJ 

ftffi^ 1 2 1 Sr«< ^tSM.m9. 1 

[0 0 2 31 e^!S4c0^a^!6J$lev^*^M)S# 
1 1 SrBBW2^1-BO^^¥l 2d^P>'ff«i:&[ti) 
1 6 --±fBK8l 1 5 Ufcg^tfca 1 4 ICES t . fit 

1 i^:n^:&iBj3 3--r -s- 

[00 24] -tb-c. HI (b) K^-rxoi^. mmm 
^l2^cM L^mis^ 1 6 mmi€^ 1 2 

1 (c) lc^-rJ:51-> ^g^^l 2(c»L'i$i*(Sil 
6i)^h5- ~15' «|Sf$-B:Tie^^4SrAltU ^ 
tS5Sr#S. Ht. El (d) (c^-rJ:5K:, ^iK^ 
1 2{c»Lfl'«b^[Rll 6d»?>-5* ~-15' 
T^WJS4SrAltU KMSESSr^S, £]l±{cJ:«). IJ 
»S|^-(DPJiSffi«>4»e><7)±E3S«©S«^ 5 Srtfffl-r 

[0 0 2 5] ro^a-, -ffi^f, ttft^^lRll 6*^^^ 
#&4i|rAM-r5mi^i. ttt^rS]! 6>!l-e>5* ~1 5 
• «^$-BrTj@#ffi4SrAlt1-.5Sif^i:, 1 6 

;4»e,_5- 1 5« «^$-a:-Cili«'«4SrAlt1-5lfe 



[0 0 2 6] m^ti. ttt*(=)l 6>6^e)Sl^R4«rAlt 
•t-5ISI#^tTi/>oo*^Si®«KaS^^l lS:R^*lSl 

3 3-.jfeSLfc«, ttt;&l$]l 6d»e.5- ~15- 

$*-Cie«» 4 SrAIti-* *m^oo«^!ie»» 

8S«^1 lS:Ril*(Sj3 3'-i^^^-fr. ft^J-, f^* 

|6]i 6*-b-5* 15' «^*-B:-Cj@|f&4SrAlt 

■t.5Slf^Sr?TV^oo«KS!®*S[a?«t^ 1 1 ^n^:^lRl 

[00 2 7] /i*5, ««S!^lfKaifit^ 1 1 «rffi^$-& 
fc®^<o*mMiSWSia5ftli^ 1 1 ©ffiStt^ 
Saitt^l lS:«^$-B:fcCi:»cJ;5ie#^4roS)atll: 
m\C^jELXid<o 

[ 0 0 2 8 ] {EL. 1 1 (om^n 1 

3A5/h$v>*&^. «^S!«*KggM^l lcoAlt^-i5 

4 5- uT<om^\cfi. fikim&'&mmm- iKomm 

icmm^m4 (Dmmw t ^^mm^^^mm^ 1 1 <o 

■Cfcftv^ ^tt^*3g|iv^SlJ^^3S^*fMi:•rs#&^r 
tt. WJ^3©g^?<Dt^■al§a^<Dt^S®ffl^S:*:t^^roT^ 

[0 0 2 9] -tur, El (e) 

jiirii-osia(ftii^»e.©±iH3asw5JWSE5© 

[0 0 3 01 MiC, ±E(-*DX.-C. MES-^&ai 4JC 

Sfttt»<oo. i~o. 3ffiF©®8«rrts^«^i 2IC 

ffif+itfcfi:ai 7t. atriaS-^ifi:gi 4(;i*|-LfJ¥© 

0. i~o. 3^<Dmiitnmmm^i 2i)^b^^i-fit 

[00 3 1] CTMlc. *|JjroS-«C<itt 1 4 IC 

*fLtJ?<O0. 4~0. 6^S©ffi«fc•|tS^iffi¥l 2tC 
jfi#ttfcfifil 9 fc, g?(]WS^<4«l 4Jr*fb'ffWo 

0. 4~o. 6immmtnmmm^i2i)-b^^i-fit 

2 0 t SriKfc^iS^ficgi: Lr^ri^€4^±IaSf^«^ 
[0 0 3 21 •tLT, IBI-<0^ii:«iJ>P>»P>iXfc3«S* 

5 mm<oRM& 5 © 5 *>®*>ci[Sr«ffl urtsn 3 
[0 0 3 3] jjcic. c®llli©J^ffi<Df^ffl^co^^■rlftM 

•rs. 

[00 34] m'smmm^ 1 2 <D^irStai«$?tti4^ m 

1. ®2iz^-rxoic. MMmm^i^mm^i limm. 

^ w^v >jS«S 4 <&Et 2 -.Alt i,> 1 2 55^ 

lC|l4Ufcm3;il^P>roKltiS5 5rS(t1-5, 

#^685^^ 1 1 II, t) mni-'^Lxa 

5. E3lc^1-J;plc, i^±l0° <0itrRJttS:'ft"LTV'> 

i. »W}UMmm-mmmmti^mm^i:m^xm 

^mm^mm^i- 1 1 i:mmm^ 1 2 icffiox^^of 



-4- 



100 3 5J ^LT. l'ffi«^f-^'«A/DSift«B 

1 1 co^A 1 3 t SrlBliL, :/n y hgSiJrJt 

[0036] «^S«*K«gtt^l l«rffl 

v^SrfclJiJ:*). SiJix3*»e)iS5i'^SI*«SAS#bn5© 

x\ m^-ty-^^t i^mKmi ur«/h*f9tv 3 
^■r 5 ^ t i^x-t Si? Jc'iS. 

[0037] **fajtiff»t$!?tt^ 1 1 SrRS*l^ 3 S'- 

1° ~5* ©as[/hfcrs/f^-fofi:e^^fbuoo±^(ci: 

[0 0 3 81 ie#«4«rf«:&lS]l 6d»P>AltLfcSI* 
JKSt. 'fftt:^|6]l 6A>e)5' ~1 5* fift^^-frTAlt 
tfcSttSES i:, 6A^b-5' ~-l 5' <g 

^$-a:-cAM LfcsitjK 5 1 <D 3 mmomtm 5 © ? *> 

[0039] fiP*>, mm<omfi3fi. 0 1 5 
iC. W.% 1 mm~ 5 min«/J>3Fffi 2 1 ~ 2 3 
>5;o-C:fc«9. ^s^^^tt. mmm^l 2{cMUl 0' e]l± 
<DffitSrWUTV>5;a\ *(D«i:/>/m2 0' £Jlrt©ft 
tt*orv^50-C. iS»»4Srt*l;^lR|l 6!J»e>±5 
• ~±15' ■(g^^^TAlt^-frSrtiCit). IStA/ 
ifO#Jti3^rtfa!|-t-'5:it*5'5ri6i:/<c5o 041^ 
^•rJ;5J-. iS#ffi4^«^$*-f{:iA#tS*5®^-C 
*>St. 10* £Jl±©«#Sr*i-S#J*l3;!)^P>+i^*S 

[0 0 4 0] «±{CJ:>3. ia«=2«rtffi»C^±1-5a/h 

[004 1] S^ttSl 4^. t)l©±0. 1~ 

±0. 3f&. ^(r>(4M(C, i=Jl(D±0. 4~±0. 6^ 

ri) ;5Sfe5^SI<0Si|ti3«r^in^£<H-t|-r5it*s«rffi 

mm±m%(omm'^. immz4 o ot:~6 o o-c 

[0 0 4 2] ^^m<r>^(DmM<r>j^mt\^x. SB 



[0043] r ro#g-»ce, ^mt^ 1 2 3fi^<^>SlJ^^ 3 
^ 1 2 (c*f LSW»g|«^ 1 Sr« < S^ft® 1 4 * 

(^3 3 'vJbEEie 1 5 LfcS-fefitB 1 4 icffig 

mTLii. lmm~2mm-fofifaSrgf»Uoo®S 
iffi^l 2«)^St-i:»)jfe«^?-ar> 2»CJ^LP3 

3 3 d^Pjg^iS 4 <&70lH-5 c t ic i t) #P>nfc 

~15' «M$-fr-Ci®*S4&Alt-rsril>:J;t)#e> 
ixfcS#t»L5t. 2»cS*LR^*l^3 3d»e> 

-5- 15* «^$-li-ri@SK4SrAlt1-5rt»C 

J: t) # e,*tfcK*tJ^ 5 i: ® 3 SS^SItSE 5 Srlfai 
Ijtf w±S3 ffiiwRWSi 5 ® 5 *> 

•r^^t\cj:<o. 8«Jn3<0Jl^<^S:«lJSi-eJ:5»c1-5« 
[0 0 4 4] :L(oi.o'>^. SBt2<oi=tt:^(p]i e^^jgr^ 
2n:*fLTafflufc#^T-t, 

n'hfmii 3 iSr^^-r 5 c t /jj-c- # 5 i 5 i-^ss, 

[0 04 5] lSrt«l*l^l 6-s 

[0 0 4 6] «1P&4S:R^^r|Sj3 3d»e>A«bfcSit 

K5 n;a:^:B]3 3d^p>5' ~i 5* ffi^^^tAit 
LfcSMiKsi. n^:&iR]3 3d»e>-5* — 1 5* ffi 
;^$*r AM LfcSMSi 5 1 3 5 <D 5 *> 

[ 0 0 4 7 J £t±»c J: t) , ga^ 2 ©rtfficigt-rs^/jN 

/iWn 3 SrfltSI J.o««il < ^m-ti ^ t i^simtH: 
5. 

[0 0 4 8] 

(MMm 1 ) V^X^i^ 2 0 mm. WiS.i^ 1 6 0 ^rn 
t2©rtffi{C^$/J5. itl'en. 0. 5mm. 1. Om 
m, 1. 5mm> 2. 0mm. 2. 5mm. 3. Om 
m. ♦1*50. 5mm(Dxy H^OAI^R&Sr^tt. jS 
t2©^SDl->>tL. Alt:ftj>5 7 0- . m^mmt^ 2 m 
m, aS$;i^[6]^mw^.^8§SI*^2mm~8mm®*:^l! 
ieiF^aS»^l iSrffLST-C. iai'2«nS±Srl' 
*5|:{C#»i^=^i:. ±l2y^y y h^&ffloT@^!S4Srj|IS 
^sLT. SltSE50«ffiftf-Of-^ttSri2fiiL.fc. 
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[0 0 4 91 S6»c^i- J:5»-, y-rxdJs 

10 0 5 0] JtKWt UT. ««^l©l£^^S!p© 

0. 5mm©ai$©;^!J 5/ htt, /-fXlC^^nT 
(11:^*^2) iq^O!^;SS 2 0 mm. BE;*? i 6 0 ^n(0;^ 

1 WM^A 1 3 ;65± 1 0* , R^;&(R] 3 3 (O^mMi 
[00 5 1] ^(Df^M:. m 8 iC^-r J; 5 IC. R^^l 1 0 

• ~ioo* o^^K-e^ti^Wi«v^s^tK5Sr»fc. sin 

3©*:«cai$ll2. Omm (1 0 0%©fi:flldS2mm{C 
«^-t-«) . l£?;^JS*fJH3©g$«:ft««*-e7 5- 

■f> Li^h. 6 0* j^'8 0* ©ta:s-eaitt3ds«itii$*x 

(ltJ6093) Pftm*S2 0mm. iSEdS 1 6 0^n<o;^ 

o^ffl^sufc, z(Dm'B2\z.nu mmmi-(^m^^tc 

ICiffl^Al 3*s±l 0* . n^:^lS]3 3©#Siliait 

(A) (omx-m^^^tco 

[00 52] -tWiS*, 011 Jw^-r ± 5 2 
7 0° ~3 6 0* <ofi:arv'rx©2f&t/£2>sitiS5 
^•#fc„ ttlE^IEiD, SiJtl3(Ol:;*cj^$tt0. 6mm 

(1 0 0%©fii:M;i5 2mm{CffiS-f S) t^^ofc, 
f4. 01 2»c^-rj;5t-. BBtf2.SrSJ»rUS«lc«««U 
T#e3ixfct!liX3roai$0. 2 5mm4:M:|llEWifiV""bO 

[0053]-*. mmt&mt br. ^jic®ie««Ji! 

«i^l lSr«^$-gr-fJcWa!lLfc»g-lctt. 01 3 

n(oij:\j^mm<om'^mmm'f- 1 sr^v^fc^tctt. 0 1 

[0 0 5 4] 

Sr?t Jllc L-r«S/h«:i!ltbSr«lftii- 5 r t iSt?# 5 J; 



[0 0 5 5] ««^*&«!5/»^*R^:&|Sl'^l' ~5 

[0 0 5 6] S^JSSrttt*l^d^e>AltUfcS*ttSt. 
ttt*l6);6-e)5- -15' «^$-&-CAAtL.fcRltiK 
i:. €=tt^^f6)!i»e>-5* 15* Sm^^XMtLIt 

[0057] ei±jc:i ») , BBWortSJc^^l-sa/h/i 

< n-jgj-r 5 c t i^sim t f£ a. 
[0 0 5 8] m^m2(D^m\^xtni. 

[0 0 5 9] MMmm'^i^mm^'S:'s^:^[^^mm(Dif 
■frs r t ic J: *) , mmm^<oi^ i:mtif£ < nmt s r 

[0 0 6 0] S#&*H^;&l^/5^e>AltL,fcSltS?i:, 
RS*lRl!»>?>5' ~15- «^$*-CAltUfcRlt»t 
R^;^l^!i^e>-5* ~-15* ffl^$*TAWtfc 

(00 6 1) &.±icx *) , EWortstc^l^-rsiSt/h'fe 

[006 2] m^^3 0^miCiiiXit. S^&g^&'fftt 
[01] (a) ~ (e) »4*|gWO*JS©Jl^lil-*»*^S 

[0 2] (a) n^^m<omm<omm\c7!)^i)^i>^m& 

^*liSr«%1-g|5i^tt*fl!l*»fiB0. (b) e (a) 
[0 3] *«M^@IP^K^g«t^o^g[R]ttSr*■^-^'7 7T•fe 
[114) (a) (b) imtSE0i|t Lr*^S^S^JlS» 

^^«^$-*''ii'^#^o0 1 tmm<r>mxh^, 
0-ca!>5, 

[0 6 ) mmm 1 ic^j^a^s;^ y ^ K^^Ax^cted^^ws 



-6- 



[IS 9] j&MA^/i:^:^je^«llt(09imill^(c<):S?^^ 
[lai 0] lll£«i82Oit«0!llcd>A»5AllW*Jj;;^)JS^ 

mis] (&) tmmif3fim=»mw&'f-i:m\>^xs.'s 

iLizm:^mmwi. (b) « (a) ©je^jKtsitKwis 



[0161 (a ) nM^m<om'^&n^^^K^^xm<§ 
tkizm:mmm. (b) » (a) <om^mtmmo>m. 

2 sm 

3 tiJtl, 

4 j@«Sc 
5 

11 ^SiiS^SE^fti!? 
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